SUMMARY : 237 strains of fusobacteria were studied and classified by such characters as cell composition, metabolism and morphology. They are shown to be closely related metabolically and in cell composition, but distinguishable by morphology into two species: Fusobacterium nucleatum Knorr and F. polymorphum Knorr. It is suggested that these organisms are actinomycetes which have lost a number of characters in undergoing adaptation to parasitism.
Microscopical examinations were carried out using a N.A. 1.30,2 mm. apochromatic objective and a x 20 Holos eyepiece. Organisms were also examined in the electron microscope for the presence of flagella and intracellular granules.
Broth cultures (18-24 hr.) were examined for motility by sealing portions of culture fluid in capillary tubes, incubating a t 37" for 1 hr. and examining under a 4th objective (Weinberg, Nativelle & Pr6vot, 1937) . The method of Tittsler & Sandholzer (1936) for the detection of motility in slightly motile organisms was also used. The possession of an oxidase enzyme was tested by pouring a 1.0 yo (w/v) solution of tetramethyl-p-phenylenediamine over the colonies on an agar plate and examining for the development of a purple colour within the colonies (Mackie & McCartney, 1953) .
Physiology
The following methods and media are the result of trial and error to find the best growth conditions and most sensitive methods for investigating the metabolism of fusobacteria.
The reaction of all media was adjusted between pH 7.4 and 7.6 and sterilized at 10 lb./sq.in. for 20 min. unless otherwise stated. Cultures were incubated at 3 7 ' in McIntosh and Fildes jars filled with an atmosphere of hydrogen in the case of measurement of end pH values; otherwise a mixture of 10 yo (v/v) carbon dioxide + 90 yo (v/v) Ammonia production from urea, glycine, arginine, asparagine, serine, phenylalanine and cysteine was tested with washed suspensions of organisms. Tubes were incubated for periods of up to 8 hr., samples withdrawn at intervals and tested with Nessler's reagent. Ammonia from peptone was tested after growth for 14 days in F.M. medium.
Hippmzte hydrolysis. Seitz-filtered sodium hippurate was added to the following medium to a final concentration of l-oyo (w/v) 
RESULTS
The 237 strains of fusobacteria isolated from the human mouth could be divided by cell morphology into three groups; a comparison of the features of the groups is given in Table 1 
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Tardieux, Joubert & de Cadore, 1956) that fusobacteria vary considerably in their ability to metabolize organic and inorganic compounds in classical biochemical tests and that these are of little value in species determination. However, it was possible to establish the following characters for the genus as a whole and to define biochemically distinct types within each species. fig. 1 ). 6-0-6.6
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+ Characters cimmon to all groups. Catalase and oxidase negative ; ammonia formed from peptone, serine, cysteine and asparagine but not from urea, glycine, arginine or phenylalanine ; indole produced and nitrite reduced by all strains ; nitrate weakly attacked by most strains ; hydrogen sulphide formed from cysteine and in small amounts from thiosulphate but not from methionine, thioglycollate, sulphite, or metabisulphite ; gelatin, egg white protein and casein not attacked. No acid from the following carbohydrates: mannose, arabinose, rhamnose, xylose, lactose, maltose, melibiose, trehalose, melezitose, mffinose, dextrin, inulin, glycogen, starch, dulcitol, erythritol, mannitol, sorbitol, aesculin, arbutin, cellobiose, salicin ; acetoin not formed from glucose.
no. of strains positive Fractional figures = no. of strains tested Members of the genus Fusobacterium are primarily obligate anaerobic oral parasites requiring carbon dioxide and a rich peptone medium containing a source of fermentable carbohydrate for good growth. They are non-acid-fast, Gram-negative, unbranched, non-motile, slender filaments of various lengths with tapered ends which do not form endospores but contain characteristic intracellular basophilic granules. Neither catalase nor oxidase is produced. Only simple sugars are weakly fermented with the release of principally volatile fatty acids and small amounts of carbon dioxide which can be detected manometrically, but not by sensitive cultural methods. Acetoin is not formed. Amino acids are broken down with the release of hydrogen sulphide, ammonia or indole. The organisms are not proteolytic and do not hydrolyse gelatin. Nitrate is sparingly attacked and nitrite is reduced to ammonia.
Group I (Fusobacterium nucleatum Know)
Colonial morphology. Variable, but usually 0.5-1-0 mm. in diameter with a smooth, lightly veined surface and an entire or undulate edge (Pl. 1, fig. 2 ) . Medusoid or mucoid colonies are rare but the irregular, nodulate colony illustrated in PI. 1, fig. 3 , is commonly found.
Cell morphology. Small, non-flagellate organisms 0-3-0-5p wide and c. 3.0-7.0,~ long, forming occasionally filaments up to 25p in length. The organisms divide by constriction giving rise to pointed cells containing one or more basophilic granules.
Metabolic characters. Glucose, fructose and galactose are fermented by most strains with an end pH value generally c. pH 6.1-6.3. Sucrose is fermented by some strains. There is no proteolytic or urease activity and gelatin is not hydrolysed. Hydrogen sulphide is formed by the breakdown of L-cysteine, ammonia by deamination of L-cysteine, serine and asparagine, and indole from tryptophan. With the exception of the distinct colonial variant (Pl. 1, fig. 3 ) sodium hippurate is usually attacked with the release of benzoic acid. Nitrate is weakly attacked by most strains and nitrite invariably reduced to ammonia. A lecithinase is not produced and horse blood is not haemolysed although greening of the blood frequently occurs on exposure of cultures to air.
Three varieties can be distinguished on the basis of fermentation pattern, colonial morphology and the hydrolysis of sodium hippurate ( Table 2 ) . fig. 1 ). Mucoid variants common.
Morphology. Pointed, non-flagellate, filamentous organisms, width 0.4-0 . 7 ,~~ length c. 5.0-30-0p (Pl. 1, fig. 6 ). Intracellular basophilic granules can be readily demonstrated (Pl. 1, fig. 5 ) . Filaments > 2OOp long are commonly encountered in cultures of all ages. The organisms are septate and divide by constriction. Swollen and spirillar filaments characteristic of an L-cycle are found in cultures of recently isolated strains.
Metabolic characters. These are identical with those shown by strains of F'usobacterium nmbatum and the group can be similarly subdivided ( Table 2) .
Group 1 1 1 (Fusiformis fusifonnis Pre'vot & Taffanel?)
The organisms placed in this group are non-motile Gram-negative fusiforms of width 0-3-0.5p and length 2.O-1O-0py which occasionally form long filaments in old cultures; 13 strains were isolated. Other characters of this group are identical to those exhibited by groups I or 11. It seems probable that members of this group should be placed with group I1 strains on account of similarities in cell composition (see below).
Cel 1 composition
The amino-acid composition of the cell walls of six strains each of groups I and I1 and one strain of group I11 was examined. It was very characteristic and consisted mainly of glutamic acid, DL-alanine, lysine, glycine, valine, phenyl-alanine, aspartic acid, ' slow-moving components ' and, in four strains of group I1 and the group I11 strain, traces of serine. The two 'slow-moving components' were only resolved in Hoare & Work's solvent (Hoare & Work, 1957) . One was identical with the ' slow-moving component' described by Cummins & Harris (1958) as muramic acid, the other component had a smaller Rf than muramic acid, but was similar to it and to diaminopimelic acid in forming a greenish yellow colour with ninhydrin. The above pattern of amino acids, which was characteristic of strains isolated from the normal human mouth, was not shown by strains from pathological sources. For example, some strains of Fusiformis nucleatus and F. fusifmmis, supplied by Professor A. R. Prkvot, and which had been isolated from abscesses and actinomycotic lesions, were found to contain diaminopimelic acid in place of lysine and only one ' slow-moving component ', identical with muramic acid. The other components were identical with those first mentioned.
The sugar composition of organisms of 19 strains of oral fusobacteria consisted of an amino-sugar, ribose and either glucose and/or galactose. The presence of a high proportion of galactose was characteristic of strains of Fusobacterium nucleatum (group I) and glucose alone, or with galactose, of Fusvormis fus;formis (group 111), and Fusobacterium polymorphum (group 11).
DISCUSSION
The fusiform organisms of the mouth belong to several distinct genera of bacteria and protozoa. Table 3 outlines my classification of these organisms and its relationship to previous classifications. Two of these genera, Fusobacterium and Leptotrichia, have often been confused ; they are probably related in some measure but are entirely distinct. For example, Fusobacterium plautivincenti (Knorr, 1923) or its most recently introduced synonym, F. fusiforme (Veillon & Zuber) Hoffman (Hoffman, 1957) are misnomers as they attribute to the genus Fusobacterium an organism which was validly published as the type species of the genus Leptotrichia by Trevisan in 1879 (Buchanan, Cowan & Wikh, 1953) . The similarities between the two genera are more apparent than red and confusion has almost certainly resulted from their presence in the same situations in the mouth and that they can be isolated under similar Haird-Parker's classification It is proposed that the genus Fusobacterium should be defined in accordance with the characters outlined in this paper and that a t the present time only the two species, F . nucleatum Knorr and F. polymorphum Knorr should be recognized. These resemble one another closely in their metabolic characters and cell composition but can be readily distinguished by their morphology. This distinction is maintained under laboratory conditions. Fusiformis fusiformis which is currently defined as a separate species by Prkvot and his co-workers is omitted because its identity is uncertain; it is distinct from the organism given this name in Bisset, 1952) . Their Gram-negative state is apparently secondary as indicated by their sensitivity to antibiotics such as penicillin (Lavergne, Burdin, Schmitt & le Moyne, 1956; Baird-Parker, 1959) . Further evidence for inclusion with the Gram-positive genera is the absence of detectable sulphur-containing amino acids and the presence of a high proportion of sugar in the cell wall (Cummins, 1956) . Size of organism, septation and the lack of acid-fastness indicates a relationship to the Actinomycetaceae. It is possible to regard the oral fusobacteria as degenerate actinomycetes which, in undergoing adaptation to parasitism, have lost their Gram-positive state, catalase and some synthetic ability. It was suggested by Bisset (1959) that this process is commonly found in parasitic bacteria of Gram-positive origin. 
